Fifty five children with nocturnal enuresis referred to a hospital enuresis clinic entered a controlled trial to compare the efficacy of one month and three month courses of intranasal desmopressin (Desmospray). There was no significant difference in outcome between the two groups. Overali 36% improved by at least two dry nights/week during treatment, but only five children (18%) in the one month group and three (11%) in the three month group became completely dry and only one in each group remained dry after treatment.
In recent years, coincident with the introduction of a more convenient nasal spray (Desmospray, Ferring Pharmaceuticals), desmopressin has been prescribed frequently for children with nocturnal enuresis. Furthermore, as the United Kingdom product licence has recently been extended to allow up to three months of continuous use, it is likely that longer courses of treatment will be prescribed more often.
Although there have been studies comparing desmopressin with placebo'-3 they do not help the clinician decide on duration of treatment or selection of patients. This study, therefore, addressed two issues relating to the use of desmopressin for enuresis. The first issue was whether prolonging the duration of treatment from one month (the previous product licence limit) to three months improved either the short term or long term response. The second issue was whether nocturnal polyuria could be used to predict response to treatment. Previous studies have suggested that some children with nocturnal enuresis have lower nocturnal secretion of arginine vasopressin (AVP) than controls and consequently a larger nocturnal urine output. 4'5 It is possible that these are the children most likely to benefit from the antidiuretic action of desmopressin, and thus it should be possible to identify those likely to respond favourably to desmopressin.
The aims of this controlled study were to compare the efficacy of a one month and a three month course of desmopressin, and to determine whether diminished AVP secretion and increased urine output at night before treatment were associated with a therapeutic outcome.
Subjects and methods

THERAPEUTIC TRIAL
The trial was conducted in healthy children aged between 5 and 16 years who were wetting the bed at least two nights a week and who had been referred by general practitioners, community medical officers, urologists, or paediatricians to the enuresis clinic situated in a hospital paediatric outpatient department. Children were excluded from the trial if they were taking medications, such as salbutamol, that might cause a diuresis, or if they had had a urinary tract infection during the previous two weeks.
At the first visit a full history was taken, including inquiry about factors known to influence the outcome of treatment for enuresis such as housing problems (no indoor toilet, shared bedroom) and family difficulties (single parent, father in prison, marital discord, parental mental illness),6 while behavioural abnormalities were assessed by scoring a Rutter A2 questionnaire.7 A physical examination was performed, including a urine check for infection.
Bed wetting was documented by the children (aided by their parents) keeping a written record of wet and dry nights. During the trial no other treatment was allowed and the parents were asked not to restrict fluids or 'lift' their child to the toilet when they themselves went to bed.
A four week baseline observation period was undertaken after which the children were assigned to either one month or three months of treatment and then followed up for four weeks off all treatment. Children in the three month group were assessed after eight weeks of treatment; if no improvement was detected, alternative treatment was started. Desmopressin nasal spray (Desmospray) was prescribed initially in a dose of 20 Ftg but increased to 40 Ftg if there were any wet nights after the first three nights of use. The parent and child were asked to administer the spray in the half hour before retiring to bed. They received verbal and written instruction on how to administer the spray and this was demonstrated by the doctor using a placebo spray (supplied by Ferring Pharmaceuticals). Urinary AVP excretion, urinary osmolality and nocturnal urine output were studied in children with enuresis and in non-enuretic control children. The enuretic children were studied before entering the therapeutic trial of desmopressin and were subsequently classified as either desmopressin responsive (improved by two or more dry nights/week during treatment) or treatment failures (no better or worse during treatment). Control subjects were enlisted from the healthy, non-enuretic siblings of children attending the general paediatric outpatient clinic with conditions other than enuresis.
Children were admitted to hospital for one night for assessment of nocturnal urine output and AVP excretion. After emptying their bladder before going to bed, urine was collected by waking the child every two hours to void until and including the urine voided immediately on rising in the morning.
Urine was collected into sterile containers and at the end of the collection the volume was measured and the sample well mixed before taking a 20 ml aliquot which was stored at -20°C for later analysis.
Urinary AVP concentrations were measured in duplicate by radioimmunoassay, using specific antiserum raised in rabbits, against AVP (Vasopressin Arginine Radioimmunoassay Kit, Diagnostic Systems Laboratories); the lower limit of detection of AVP was 10-pg/l, and the coefficient of variation for the assay was between 5-6 and 10-5%. Urinary creatinine concentration was measured by the Jaffe reaction, and urine osmolality was measured from the freezing point depression using an automated micro-osmometer (Hermann Roebling, Berling). Results were expressed as AVP:creatinine ratio.
The stability of AVP in urine was assessed by comparing the measured concentration of AVP in urine in a control sample that was stored at -20°C immediately after voiding, a method of storage that does not affect the recovery of AVP from urine,9 with an aliquot of the same urine incubated at room temperature for 24 hours and with a further aliquot incubated at 37°C for 24 hours. The samples were each assayed five times in parallel. STATISTICAL 
METHODS
Analysis of results was undertaken using the Statgraphics computer software package (STSC Inc).
In the therapeutic trial, comparison of the incidence of factors in the two groups was assessed by the x2 test. The change in the mean number of dry nights between the start and end of treatment was compared between the two groups using the unpaired t test with appropriately constructed confidence intervals; and the number of responders in the two groups compared using the x2 test (for this purpose a 'response' was defined as an improvement of two or more dry nights/week and children withdrawn from the trial were considered nonresponders). In addition, the number of children who were completely dry in the two groups was compared using either the x2 or Fisher's exact test.
In the urinary AVP study nocturnal urinary AVP:creatinine ratio, urine osmolality, and the nocturnal urine output were compared between three groups (controls, enuretic desmopressin responders, and enuretic treatment failures) using one way analysis of variance. The data were positively skewed and therefore log transformed for analysis, results being expressed in the original units using the geometric mean and the interquartile range.
The study received approval from the Leeds Eastern Health Authority ethics committee.
Results
Fifty five children were studied, 28 were assigned to one month of treatment and 27 to three months, using the quota allocation system. There were no significant differences between the two groups for the incidence of the characteristics shown in table 1 (X2 <0-7, 1 df, p>0.2 in each case). The median age was 10 years (range 5-16 in the one month group and 10-8 years (range 6-16) in the three month group.
Six children failed to complete the trial: two from the one month group and four in the three month group. One child developed chest pain and wheezing and stopped treatment on the advice of his general practitioner, five children failed to improve during treatment and the parents either stopped treatment early (n=2), lifted the child during the night (n=2), or failed to attend follow up appointments (n= 1). Twelve children in the three month group failed to improve after eight weeks of treatment and were given alternative therapy.
The figure demonstrates the number of dry nights/week in the two groups, before, during, and after treatment. In the one month group the median number of dry nights/week increased 17 17 Dry :2 nights/week 15 17 Adverse family or social factors 10 11
Rutter A2 score l18 9 8 Age <8 years 9 7 Adverse housing 9 6 Diurnal symptoms 8 7 Allergic rhinitis 1 I 
Before
During After of the control sample, which had been stored at -200C. Urine collections were obtained from eight enuretics with a median age of 12 years (range 7-18) who were subsequently classified as desmopressin responders, from 10 enuretics with a median age of 9 years (range 5-12) who were treatment failures, and from eight nonenuretic controls with median age 10-5 years (range 6-15). The urine volumes, osmolalities, and AVP concentrations in the three groups are shown in table 3. There were no significant differences between groups for any of these parameters.
from two to four with treatment, and declined to three nights/week after treatment. In the three months group the median values increased from 1 5 to three with treatment; follow up data were only available on a subgroup off 11 subjects who had responded to treatment and the median value for these subjects was 4-5 dry nights/week. The mean change (SD) in the number of dry nights/week with treatment was + 1-4 (1 7) in the one month group and + I L3 in the three month group. The difference in the two group means was 0-1 nights/week (95% confidence interval -1 1 to +0-8, p=075).
There were no significant differences in the proportion of responders in the two groups either during treatment or after treatment (table  2) . Overall 20 children (36%) improved with treatment and 11 (20%) remained so one month after treatment was completed. Only five children in the one month group (18%) and three children in the three month group (11%) became completely dry on treatment, and this difference was not significant (Fisher's exact test p=0 47). One in each group remained dry off treatment.
The measured concentration of AVP in urine incubated for 24 hours at room temperature (22°C) or at 37°C was 96% and 87%, respectively, 13 and one study found no difference in the number of dry nights in the first and last two weeks of treatment. 2 Our study did not demonstrate any difference between one month and three months of treatment in the proportion of children dry or improved, either during treatment or when reviewed four weeks after the end of treatment. Overall, 36% appeared to benefit from treatment with 15% dry and a further 21% improved, while off treatment 4% (two patients) were dry and a further 16% improved. Direct comparison with previous publications is difficult because of the variety of dosages used, the variety of populations and age ranges studied and because of the different methods chosen to describe outcome. Controlled trials have shown that Table 3 The urinary data of enuretics who responded or failed to respond to desmopressin, and in non-enuretic controls Nocturnal polyuria has long been considered as a possible contributory factor in the pathogenesis of enuresis.'4 It is known that healthy adults and children exhibit an appreciable diurnal variation in urine output,S 15 which diminishes during the night irrespective of whether the individual sleeps or refrains from drinking during the night, and that the probable explanation for this is the presence of a diurnal variation of AVP release with an increase in plasma AVP concentration during the night.5 16 Early studies of night time urine production have produced conflicting results in children, Poulton and Hinden found that the majority of enuretic children did have nocturnal polyuria, but a detailed study by Vulliamy showed similar urine outputs in enuretic children and non-enuretic controls (with the physiological diurnal variation present in both groups). '4 17 Recent studies of children aged 11-17 years with and without enuresis, receiving a strictly controlled fluid intake, have shown a significant blunting of the diurnal rhythm in plasma AVP, with either very little or no increase in the night time concentration in the enuretic children, and that this is associated with a loss of the diurnal rhythm of urine output, with enuretics not exhibiting the expected reduction in nocturnal urine production.4 5 It is tempting to speculate that those children with nocturnal polyuria secondary to AVP deficiency are the ones most likely to benefit from desmopressin. Dimson found that children who concentrated their urine (increasing the early morning urinary osmolality to > 1000 mmol/kg) after desmopressin had the best clinical response, but also showed that those who already had a high early morning urinary osmolality responded well.3
Our study of nocturnal urine output, urinary vasopressin concentration, and urine osmolality did not demonstrate a significant difference between control children, enuretics who did not respond to desmopressin, and enuretics who did respond to desmopressin. There was, however, a trend towards the desmopressin responsive enuretics having lower AVP concentrations and larger volumes of dilute urine at night, with the (geometric) mean urine volume highest in the responders and lowest in the controls, while the AVP concentrations were lowest in the responders, intermediate in the non-responders, and highest in controls. This trend was small compared with the wide range of values seen in each group.
We elected to study urinary AVP concentrations (rather than plasma) for a number of reasons: it avoids the need for venepuncture; urinary AVP concentrations have been shown to have a consistent relationship with plasma concentrations in children'8; and as plasma AVP has a half life of only a few minutes, urine collection may provide a more reliable assessment of AVP secretion over a period of time than intermittent venous sampling which may miss significant peaks.
There are a number of methodological factors that might explain the contrasting results between our study and that of Rittig et al.'
Firstly, Rittig et al studied only older children whereas we included children as young as 6 years; it is possible that the diurnal variations in AVP are less well developed in younger children. Secondly, Rittig et al studied children under conditions of fluid restriction, which may allow identification of minor abnormalities of AVP production that are not apparent when children receive a normal fluid intake and which, more importantly, do not result in a significant change in urine output at night.
We conclude that, although there may be some abnormality in the diurnal rhythm of AVP release in children with nocturnal enuresis, when they are allowed a free fluid intake it does not result in a significant increase in night time urine production nor is it a major determinant of therapeutic response to desmopressin.
Desmopressin is a useful treatment for some children with nocturnal enuresis. Although it produces some benefit for many children, few of those children become completely dry, and most relapse once the treatment is stopped. A three month course of treatment does not increase the response rate or decrease the relapse rate when compared with a one month course in children referred to the hospital outpatient clinic. Measurement of nocturnal urine volume, osmolality, and AVP concentration does not identify clearly those who will respond to desmopressin. As improvement is seen early in treatment, responders can be identified by a short therapeutic trial and continued use reserved for those who are benefiting from treatment. Water intoxication 'For every action there is an equal and opposite reaction'. Twenty years ago severe hypernatraemic dehydration was common but after the introduction of low solute milks in the mid-1970s it became rare. Now there is concern in the United States about an apparent increase in severe acute hyponatraemia in babies of poor inner city families some of which may be attributable to the introduction of the low solute milks.' As hyponatraemia is much less likely than hypernatraemia to give rise to serious sequelae the exchange seems to be a fair one though the problem of hyponatraemia needs to be tackled by public education.
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